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© Water jet cutter and aspirator for brain surgery. 

© An water jet cutter ("aqua-stream") and aspirator 
for crushing and removing brain tumors in cerebral 
surgery comprises a pressure chamber (2), a soft 
bottle (4) filled with a sterilized saline solution and 
mounted within the pressure chamber, an irrigation 
tube (6) connected at one end to an outlet (10) of 
the soft bottle, an ejection needle (14) removably 
connected to the other end of the irrigation tube via 
a switch (12) for controlling passage of the solution 
through the irrigation tube, and a suction tube (16) 

FIG. I 



extending parallel to the ejection needle. The pres- 
sure chamber is adapted to be pressurized with a 
harmless gas (18) so as to compress the soft bottle 
to eject the solution in the soft bottle from the 
ejection needle. The ejection needle has a nozzle 
which is bent in such a manner that the solution 
ejected from the nozzle is directed toward a con- 
fronting inside wall (16a) of the tip of the suction 
tube. 
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AQUA-STREAM AND ASPIRATOR FOR BRAIN SURGERY 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention: 

The present invention relates to an aqua- 
stream and aspirator (AS and A) which Is useful in 
crushing and removing brain tumors during the 
brain surgery. 



2. Description of the Prior Art: 

Conventionally, a variety of surgical instru- 
ments, such as an electric knife, a laser knife, and 
a cavitron ultrasonic surgical aspirator (CUSA), for 
removing brain tumors has been developed and 
put to practical use. A problem in using a laser 
knife is that injuries due to local heat are inevitable 
in and around the incision line, thus producing a 
nasty smell and smoke, which would screen the 
operator's visual field. Further, the use of a laser 
knife necessitates the operator and nurse to wear 
glasses to protect their eyes from laser light. An 
electric knife is available for only a limited use. 
Partly because its hand-piece is large in size and 
heavy in weight, and partly because the action of 
ultrasonic wave would be spread to even adjacent 
normal tissue, a CUSA is not suitable for a delicate 
operation. 

In addition, an aqua-stream and aspirator (AS 
and A) utilizing a water stream is known for hepatic 
surgery. However, in this prior apparatus, partly 
because its entire structure is large-sized, and part- 
ly because pressurized water is ejected perpen- 
dicularly to the surface the affected part, there is a 
fear that even normal tissue could be crushed. 
Consequently the prior apparatus cannot be used 
for a delicate and precise operation which is re- 
quired such as in cerebral surgery. 



SUMMARY OF THE INVENTION 



It is therefore an object of the present invention 
to provide an improved aqua-stream and aspirator 
which is suitable for delicate and precise operation 
required such as in brain surgery. 

Another object of the invention is to provide an 
aqua-stream and aspirator which is useful for 
crushing and removing brain tumors effectively with 
maximum safety. 

A further object of the invention is to provide 
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an aqua-stream and aspirator which is free from 
the risk of injuring adjacent normal tissue due to 
heat and hence from a nasty smell and smoke. 

A still further object of the invention is to pro- 
vide an aqua-stream and aspirator which is free 
from the fear that various germs could penetrate 
the tissue. 

According to the present invention, an aqua- 
stream and aspirator for crushing and removing 
brain tumors in cerebral surgery comprises a pres- 
sure chamber, a soft bottle filled with a sterilized 
saline solution and mounted within the pressure 
chamber, an irrigation tube connected at one end 
to an outlet of the soft bottle, an ejection needle 
removably connected to the other end of the irriga- 
tion tube via a switch for controlling passage of the 
solution through the irrigation tube, and a suction 
tube extending parallel to the ejection needle. The 
pressure chamber is adapted to be pressurized 
with a harmless gas so as to compress the soft 
bottle to eject the solution of the soft bottle from 
the ejection needle, and the ejection needle has a 
nozzle which is bent in such a manner that the 
solution ejected from the nozzle is directed toward 
a confronting inside wall of the tip of the suction 
tube. 

Many other objects, features and additional ad- 
vantages of the present invention will become 
manifest to those versed in the art upon making 
reference to the following detailed description and 
the accompanying sheets of drawings in which a 
couple of structural embodiments incorporating the 
principles of the present invention is shown by way 
of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a schematic side elevational view of an 
aqua-stream and aspirator embodying the 
present invention; 

FIG. 2 is an enlarged view of a circled portion A 
in FIG. 1; 

FIG. 3 is an enlarged front elevational view, 
partially in cross section, of a pressure chamber 
of FIG. 1; 

FIG. 4 is an enlarged cross-sectional view of an 
on/off switch of FIG. 1; 

FIG. 5 is an enlarged perspective view of FIG. 4; 
FIG. 6 is an enlarged cross-sectional view of 
FIG. 2, illustrating the manner in which a brain 
tumor is crushed and sucked by the apparatus 
of the invention; 
FIG. 7 is an end view of FIG. 6; 
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FIG. 8 is an enlarged cross-sectional view show- 
ing a modified form of the suction tube without 
suction; 

FIG. 9 is a view similar to FIG. 8, showing the 
modified suction tube during suction; and s 
FIG. 10 is an enlarged end view, partially in 
cross section, of FIG, 9. 

DETAILED DESCRIPTION 

10 

The principles of the present invention are par- 
ticularly useful when embodied in an aqua-stream 
and aspirator (hereinafter called "apparatus") such 
as shown in FIG. 1. is 

The apparatus generally comprises a pressure- 
proof cylinder constituting a pressure chamber 2, a 
soft bottle 4 of polyethylene filled with a sterilized 
saline solution and supported within the pressure 
chamber 2, an irrigation tube 6 connected at one 20 
end to an outlet 10 of the soft bottle 4, an on/off 
switch 12 connected to the other end of the irriga- 
tion tube 6 for controlling passage of the solution 
through the irrigation tube 6, and an ejection nee- 
dle 14 attached to the forward end of the switch 12. 25 

The ejection needle 14 is detachable from the 
switch 12 for replacement with a new one. Prefer- 
ably, the ejection needle 14 is bent downwardly at 
an intermediate portion near the switch 12 at an 
angle of 115° to 155° , as shown in FIGS 1, 4 and 30 
5. A suction tube 16 extends parallel to the ejection 
needle 14. 

Most Important, the ejection needle 14 has at 
its tip a nozzle 14a which is bent at an angle a 
such that a jet of the solution ejected from the 35 
nozzle 14a strikes a confronting inside wall 16a of 
the tip of the suction tube 16. Although the tip of 
the suction tube 16 may have any desired shape, it 
preferably should be that an upper portion D of the 
suction-tube tip projects beyond a lower portion C 40 
near the nozzle 14a so as to receive the jet solution 
ejected from the nozzle 14a. 

The suction tube 16 is connected to a suction 
pump (not shown) via a connection hose 17. The 
suction system may be a hanging type (to be hung 45 
on a wall of the operating room) or a portable type. 

Designated by 18 is a gas cylinder charged 
with a gas harmless to a human body, such as 
oxgen gas or nitrogen gas. The gas cylinder 18 is 
connected to the pressure chamber 2 through a 50 
connection tube 21 having a pressure regulator 20 
with two pressure gauges 19, 19. Thus the pres- 
sure chamber 2 is pressurized with the harmless 
gas so as to compress the soft bottle 4 so that the 
solution is forced out of the soft bottle 4 to pass 55 
through the irrigation tube 6 and the switch 12 and 
finally to be ejected from the nozzle 14a. The 
supply system of the harmless gas is not limited to 
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the gas cylinder 18 as in the illustrated example; 
alternatively the pressure cylinder 2 may be con- 
nected to a pipe (not shown) lying in the wall of the 
operating room and leading to a gas source (not 
shown). 

The switch 12 is operable by hand to open and 
close the passage of the solution to control the 
stream of solution to be ejected from the nozzle 
14a. Alternatively the switch 12 may be operated 
by foot. 

The gas to be supplied from the gas cylinder 
18 into the pressure chamber 2 should be kept in 
very sanitary condition free of various germs. Pref- 
erably the pressure chamber 2 should be pressur- 
ized at a pressure of approximately 0 to 30 kg/cm, 
and practically the pressure chamber 2 is pressur- 
ized at a pressure of approximately 5 to 20 kg/cm. 

The nozzle 14a of the ejection needle 14 has a 
mouth of approximately 0.1 to 0.12 mm in inside 
diameter so that the solution can be ejected from 
the nozzle 14a in a very small stream. Further, the 
nozzle 14a is bent at an angle o, e.g. 15*, such 
that the solution ejected from the nozzle 14a strikes 
the confronting inside wall 16a of the suction tube 
16. For under the affected part such as a brain 
tumor there exists the brain tissue which should not 
be crushed, if the nozzle 14a were in a straight 
form rather than in a bent form, or if the nozzle 14a 
were inadequately bent the solution ejected from 
the nozzle 14a could not have struck the confront- 
ing inside wall 16a of the suction tube 16, thus 
resulting in the crush of even normal tissue due to 
the direct jetting of the solution. The amount of 
sucking force of the suction tube 16 may be 0 to 
500 mmlHg, preferably 100 to 500 mmHg. 

In use, as the suction nozzle 16 and the nozzle 
14a of the ejection needle 14 is put on an affected 
or focal tissue N such as a brain tumor, the brain 
tumor N is partially sucked into the tip of the 
suction tube 16 and, at the same time, a jet of the 
solution from the nozzle 14a strikes only the 
sucked portion of the brain tumor N. Thus the brain 
tumor N is crushed into pieces little by little, and 
the individual crushed end separated tumor pieces 
are sucked and removed by the suction tube 16. 
Since the affected tissue N is crushed and sucked 
only within the suction tube 16, effective crushing 
and removing of the tissue can be achieved with 
maximum safety. 

As shown in FIG. 3, the pressure chamber 2 
includes a top plate 2a, a bottom plate 2b, and a 
cylindrical body 2c. The soft bottle 4 is vertically 
mounted in the pressure chamber 2. 

A hanger 22 is attached to the top plate 2a of 
the pressure chamber 2 so that the pressure cham- 
ber 2 can be hung on a non-illustrated support 
post. The top plate 2a has an inlet 24 to which the 
connection tube 21 leading from the gas cylinder 
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18 is adapted to be connected and through which 
the harmless gas from the gas cylinder 18 is to be 
introduced into the pressure chamber 2. A dis- 
charge valve 26 is mounted on the top plate 2a for 
discharging the gas out of the pressure chamber 2 5 
after the operation is finished. A safety valve 28 
also is mounted on the top plate 2a; when the 
pressure in the pressure chamber 2 becomes high- 
er than a predetermined value such as by accident, 
the safety valve 28 automatically operates to allow w 
the gas to escape to the exterior. 

The bottom plate 2b of the pressure chamber 2 
has in its center a through-hole 30, through which a 
metal fitting 34 having its upper end a connection 
probe 8 and at its side a projection 32 is fitted. To 75 
the projection 32 one end of the irrigation tube 6 is 
to be connected. The connection probe 8 is in- 
serted into the soft bottle 4 via the outlet 10 thereof 
so that the interior of the soft bottle 4 commu- 
nicates with the irrigation tube 6. A knob 36 is 20 
mounted on the lower end of the metal fitting 34 for 
adjusting the amount of the solution to flow from 
the soft bottle 4 into the irrigation tube 6. 

The cylindrical body 2c of the pressure cham- 
ber 2 has in its lower portion a pair of diametrically 25 
opposed watch windows 38, 38, through which the 
operator can observe the interior of the pressure 
chamber 2. 

As shown in FIGS. 4 and 5, the switch 12 
includes an elongated body 12a, a rear fitting 40 30 
detachably mounted on a rear end of the body 1 2a, 
and a connection fitting 41 attached to a rear end 
of the rear fitting 40. To the connection fitting 41, 
the other end of the irrigation tube 6 is connected. 
The body 12a of the switch 12 has an axial 35 
through-bore 42, in which a flexible hose 44 is 
inserted, and a lower bore 46 extending perpen- 
dicularly to the axial through-bore 42 and commu- 
nicating therewith. Fitted in the lower bore 46 is a 
lock nut 48 into which an adjusting screw 49 40 
threadedly extends. By unfastening the adjusting 
screw 49 and then detaching the rear fitting 40, the 
flexible hose 44 can be removed from the axial 
through-bore 42 for replacement with a new one. 

The switch body 12a also has an upper bore 45 
50 disposed in confronting relation to the lower 
bore 46 with respect to the axial through-bore 42. 
The upper bore 50 extends perpendicularly to the 
axial through-bore 42 and communicates therewith. 
In the upper bore 50, a pushing rod 54 is vertically so 
slidably received and is normally urged upwardly 
by a spring 52. A support frame 56 is fixed to the 
top surface of the switch body 12a, covering and 
supporting the pushing rod 54 and the spring 52. A 
switch lever 58 is pivotally connected at its base to 55 
the upper end of the pushing rod 54. A top wall 62 
of the support frame 56 has an upwardly bent 
forward end 60 serving as a fulcrum; as the forward 
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end of the switch lever 58 is pushed downwardly, 
the switch lever 58 is pivotally moved about the 
fulcrum 60 and concurrently the base of the switch 
lever 58 is moved upwardly to raise the pushing 
rod 54. With this arrangement, while no pushing 
force is being exerted on the switch lever 58, the 
flexible hose 44 is closed as compressed by the 
pushing rod 54, as shown in FIG. 4, thus prevent- 
ing the solution from the soft bottle 4 from passing 
through the flexible hose 44. When the switch lever 
58 is depressed such as by gripping, the pushing 
rod 54 is raised to open the flexible hose 44, 
thereby allowing the solution to pass through the 
hose 44. As a result, the solution is supplied to the 
ejection needle 14 and is then ejected from the 
nozzle 14a. 

A forward fitting 62 is mounted on the forward 
end of the switch body 12a and has a cylindrical 
base portion 62a removably and threadably moun- 
ted on the forward end of the switch body 12a, and 
a tip projection 62c extenting forwardly from the 
base portion 62a via a stepped portion 62b. The tip 
projection 62c has a hole 64 in which the ejection 
needle 14 is inserted and fixed to the projection 
62c. For replacing the ejection needle 14 with a 
new one, firstly the forward fitting 62 is removed 
from the switch body 12a, then the old needle 14 is 
removed from the hole 64 of the projection 62c, 
and subsequently a new needle is inserted in the 
hole 64. Finally the forward fitting 62 is reattached 
to the switch body 12a. 

Since a relatively high pressure is to be used 
in operating the present apparatus, various parts of 
the apparatus must be proof against pressure. 

Further, it is preferable to mount a suitable 
filter in the passageway of the solution in the 
switch 12 so that the ejection needle 14 can be 
prevented from getting clogged with dust. 

In use, the pressure in the pressure chamber 2 
connected to the nitrogen cylinder 18 of a pressure 
of 150 kg/cm is adjusted to 15 kg/cm. Under the 
pressure of 15 kg/cm the soft bottle 4 is com- 
pressed to force the sterilized saline solution out of 
the bottle 4 to the switch 12 via the connection 
prove 8 and the irrigation tube 6. When the pas- 
sageway of the solution is opened by operating the 
switch 12, the solution is ejected in a very small jet 
or stream from the nozzle 14a of the ejection 
needle 14 attached to the forward end of the switch 
12. On the contrary, when the passageway of the 
solution is closed, no stream of the solution can be 
ejected from the nozzle 14a of the ejection needle 
14. In FIG. 6, the affected tissue such as a brain 
tumor N is partially sucked into the tip of the 
suction tube 16, and only this sucked part of the 
brain tumor N is crushed by the pressure of the jet 
solution. Immediately after having been crushed, 
the separated tumor pieces together with the used 
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solution are sucked by the suction tube 16 for 
disposal. According to the present apparatus, since 
the stream of solution to be ejected from the noz- 
zle 14a is very small, it is possible to make a small 
incision line in the tumor, enabling a delicate op- 5 
eration. 

Although the surface of the confronting inside 
wall 16a of the suction tube 16 is cylindrical in the 
foregoing embodiment, it may be any alternative 
shape. For example, as shown in FIGS. 8 through w 
10, the confronting inside wall 16a may be pro- 
vided with a ridge 15 having an outwardly facing 
taper surface 15a and an inwardly facing taper 
surface 15b. While the suction tube 16 is free of 
suction, as shown in FIG. 8, a solution stream W1 75 
is ejected straightly from the nozzle 14a to strike 
the outwardly facing taper surface 15a of the ridge 

15, thereby splashing outwardly of the suction tube 

16. Conveniently this splashing prevents the af- 
fected part of the tissue from drying. 20 

On the contrary, as shown in FIG, 9, while the 
suction tube 16 is in suction, namely, while the 
tumor N is being crushed and sucked, a solution 
stream W2 ejected from the nozzle 14a is dis- 
placed inwardly of the suction tube 16 by the force 25 
of suction to strike then the inwardly facing taper 
surface 15b of the ridge 15 with no outward splash- 
ing, thereby allowing normal crushing and sucking 
of the tumor N. 

In the illustrated embodiments, the only one 30 
ejection needle 14 and hence the only one nozzle 
14a are used. Alternatively two or more ejection 
needles and hence two or more nozzles may be 
used. 

In case where the passageway of the solution 35 
is opened and closed by controlling the switch 12 
by hand as in the illustrated example, accurate and 
quick opening and closing operation can be 
achieved. Further, operating the switch 12 by hand 
means that the operator's works to be done by foot 40 
can be minimized - especially in cerebral surgery, 
the operator must often use his foot in operating 
other instruments such as a microscope. Further- 
more, since the switch 12 can be manufactured 
light in weight, it is possible to operate the appara- 45 
tus easily by hand without the operator's fatigue. 
Because the switch 12 can be operated by either 
right or left hand, namely, the water-jet knife can 
be inserted into the trephined wound from either 
direction, it is possible to make an incision in the 50 
tumor even deep off the trephined wound without 
screening the operator's visual field. 

Alternatively the switch 12 may be operated by 
foot. For example, the switch 12 may be replaced 
with only a grip, and a suitable foot-operated 55 
means for controlling passage of the solution is 
provided at an intermediate position of the irrigation 
tube 6. 
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With the present water-jet knife apparatus, by 
controlling the hole of the nozzle and also the 
pressure of the jet solution so as to leave the 
blood-vessels and concurrently by coagulating the 
blood-vessels by an electric knife (right-hand), it is 
possible to reduce loss of blood to a minimum. 

In the present apparatus, since a power source 
is not electrical though a saline solution, which is 
electrically conductive, is used, there is no fear that 
the patient could receive so-called microshocks 
and macroshocks during the operation. 

To sum up, the apparatus of the present inven- 
tion can produce the following advantageous re- 
sults: 1) an affected tissue such as a brain tumor 
can be crushed and removed effectively with maxi- 
mum safety; 2) no injury due to local heat and 
hence free of a nasty smell and smoke; 3) no fear 
of microshock and macroshocks; 4) reliable dis- 
infecting or sterilizing of the solution without fear of 
mixing various germs with the solution; 5) no noise 
from the apparatus; 6) the switch (hand-piece) is 
small in size and light in weight and hence easy to 
handle; and 7) the stream of solution can be ad- 
justed by varying the pressure to select an appro- 
priate value within a predetermined range. 

Although various minor modifications may be 
suggested by those versed in the art, it should be 
understood that we wish to embody within the 
scope of the patent granted hereon, all such em- 
bodiments as reasonably and properly come within 
the scope of our contribution to the art. 



Claims 

1. An aqua-stream and aspirator for crushing and 
removing brain tumors in cerebral surgery, com- 
prising: 

a) a pressure chamber; 

b) a soft bottle filled with a sterilized saline 
solution and mounted within the pressure cham- 
ber; 

c) an irrigation tube connected at one end to an 
outlet of the soft bottle; 

d) an ejection needle removably connected to 
the other end of the irrigation tube via a switch 
for controlling passage of the solution through 
the irrigation tube; and 

e) a suction tube extending parallel to the ejec- 
tion needle; 

f) the pressure chamber being adapted to be 
pressurized with a harmless gas so as to com- 
press the soft bottle to eject the solution in the 
soft bottle from the ejection needle; 

g) the ejection needle having a nozzle which is 
bent in such a manner that the solution ejected 
from the nozzle is directed toward a confronting 
inside wall of a tip of the suction tube. 
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2. An aqua-stream and aspirator according to claim 
1, wherein the tip of the suction tube has diamet- 
rically opposed first and second portions, the sec- 
ond portion being disposed adjacent to the nozzle, 

the first portion projection beyond the second por- 5 
tion for receiving the solution ejected from the 
nozzle. 

3. An aqua-stream and aspirator according to claim 
1, wherein the confronting inside wall of the suction 
tube has at the first portion a ridge having an w 
outwardly facing taper surface and an inwardly 
facing taper surface. 

4. An aqua-stream and aspirator according to claim 
1, wherein the confronting inside wall of the suction 
tube has a cylindrical surface. is 

5. An aqua-stream and aspirator according to claim 
1 , wherein the nozzle of the ejection needle is bent 
at an angle of 15°. 

20 



25 



30 



35 



40 



45 



55 



EP0 411 170 A1 




7 



EP0 411 170 A1 




EP0 411 170 A1 




g 



EP0 411 170 A1 



FIG. 5 




12a l 49 




EP0 411 170 A1 



FIG. 8 



15 16a -J6 




11 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applicatioa Number 

EP 89 11 4105 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 

DE-A-3 421 390 (W. SCHUBERT) 

* Page 22, lines 9-15; page 23, line 1 
- page 24, line 2; page 30, lines 
13-17; page 34, line 22 - page 35, line 
4; figures 3,16 * 

US-A-4 024 866 (WALLACH) 

* Column 2, lines 21-35,54-68; column 
4, lines 14-45,58-65; figures 1,3 * 

PATENT ABSTRACTS OF JAPAN, vol. 13, no. 
105 (C-575)[3453], 13th March 1989; & 
JP-A-63 279 832 (SUGIN0 MACH K.K.) 
16-11-1988 

* Whole document * 

DD-A- 234 608 (VEB V0LKSWERFT 
STRALSUND) 

* Abstract; claims 1-2; figures 1,3 * 

US-A-4 603 694 (C.R. WHEELER) 

* Column 2, line 59 - column 3, line 7; 
column 3, lines 21-32 * 



Relevant 
to ciaun 



CLASSIFICATION OF THE 
APPLICATION (Int. CIS) 



The present search report has been drawn up for all claims 



1-2,4 



A 61 V 17/32 



1-2,4 



TECHNICAL FIELDS 
SEARCHED Oat OS) 



A 61 B 

A 61 F 



Pltce of Kirch 

THE HAGUE 



Date of ooapleUoo of the tearch 

09-03-1990 



NICE P.R. 



CATEGORY OF CITED DOCUMENTS 

X ; particularly relevant K taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P ; intermediate document 



T i theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

&TmemT>er'S patent family, corresponding 



